Small molecule inhibitors targeting epidermal growth factor receptor (EGFR) are known to be active against non-small cell lung cancer (NSCLC) although the pharmacodynamics of these agents on malignant pleural effusion (MPE) remains unclear. Here we describe a case of lung adenocarcinoma with massive MPE treated successfully by gefitinib and chest drainage. Using sequential MPE samples before and during gefitinib therapy, the morphological changes and apoptosis of cancer cells were analyzed. Apoptosis of cancer cells was detected as early as 4 hours on, but not before, gefitinib therapy, suggesting that the pharmacodynamic assessment of such molecular targeting agents might be feasible for MPE.
Introduction
Malignant pleural effusion (MPE) occurs in 10% to 50% of patients during the course of non-small cell lung cancer (NSCLC), most frequently adenocarcinoma (1, 2) ; the prognosis of symptomatic MPE is often dismal with a median survival of less than four months (3) . Epidermal growth factor receptor tyrosine kinase inhibitors (EGFR TKIs), gefitinib or erlotinib, are active against NSCLC, especially those harboring EGFR mutations (4, 5) but the efficacy of these agents on MPE remains unclear. While the pharmacodynamics of EGFR TKIs have been reported in several cancers (6) (7) (8) (9) (10) , the very early response of cancer cells to these drugs in vivo has not been described. Here we show a case of lung adenocarcinoma with massive malignant pleural effusion, successfully treated by gefitinib and by chest drainage, and describe the tumor cell response to gefitinib using serially sampled malignant effusions.
Case Report
A 67-year-old man with stage IV lung adenocarcinoma was referred to our hospital for further evaluation and treatment for his lung cancer. He had already received 2 lines of chemotherapy regimens after postoperative recurrence; carboplatin plus paclitaxel for 3 months and gefitinib as second line chemotherapy for 20 months. Gefitinib had been ended because of progression of bone metastases and right pleural dissemination 3 months prior to the referral to our hospital. Chest X-ray showed massive pleural effusion in the right thorax (Fig. 1A) . As he seemed to have no indication for cytotoxic chemotherapy because of poor general condition with performance status 3 and the disease seemed to have progressed rapidly after the cessation of gefitinib, he received gefitinib again concurrently with chest drainage. He responded well to gefitinib and the chest drain was removed on day 12 on gefitinib treatment with no pleurodesis. His general condition recovered to performance status 1 and he discharged from the hospital on day 29 on gefitinib treatment. He successfully continued gefitinib re-treatment for further 2 months (Fig. 1B) until disease progression.
We examined his pleural effusion before restarting gefitinib for gene mutations in EGFR and K-ras by peptide nucleic acid (PNA)-locked nucleic acid (LNA) PCR clamp assay using DNA extracted from ethanol-fixed cytology samples (11) . The tumor harbored 2 EGFR mutations, an L858R gefitinib-sensitive mutation and a trace level of T790M gefitinib-resistant mutation. During gefitinib treatment, pleural effusion was sampled through the chest tube and examined for morphological changes and for apoptosis. We observed a fraction of cells as early as 4 hours on treatment, not before gefitinib, with chromatin condensed under the nuclear membrane, appearing as dense granular hemilunar caps, indicating cells undergoing apoptosis (Fig. 1C-E , arrowheads). These apoptotic cells were positively stained with the terminal transferase dUTP nick end labeling (TUNEL) technique (Fig. 1F-H, arrowheads) . The mean fractions of apoptotic cells on 3 random high-power-fields before, 4h on, and 24h on gefitinib treatment were 0%, 8.6%, and 16.4%, respectively on Papanicolaou staining, and 0.7%, 5.8%, and 13.3%, respectively on TUNEL staining. These assays were done upon the written informed consent from this patient and the approval of the institutional review board.
To examine the safety and efficacy of gefitinib on MPE 
Discussion
Pharmacodynamic studies may offer valuable information on the effectiveness of targeted agents, and identify potential markers of clinical benefit. The pharmacodynamics of gefitinib or erlotinib have been reported on normal skin and several cancers using paired or sequential tumor biopsy samples before and during treatment, and it has been shown to be feasible to assess biological responses in the serial biopsy samples (6) (7) (8) . However, there are several limitations to examine the biological responses in the tumor: 1) conducting sequential biopsy is difficult, 2) assessing very early responses in tumor tissues, e.g., several hours on therapy, is particularly challenging, 3) safety concerns remain in obtaining tumor tissues (8) . The favorable clinical course of the present case suggests the feasibility of sequential MPE sampling during gefitinib treatment with concurrent chest drainage. The treatment outcome of the other 6 cases (Table 1) also supports the feasibility of gefitinib for patients with massive MPE. MPE may be a suitable condition for pharmacodynamic assessment of molecular targeting agents due to the ease of repetitive sampling of tumor cells from pleural fluids using an indwelling chest tube. Tube thoracostomy may be difficult during cytotoxic chemotherapy which has hematologic toxicities, leading to an increased risk of infections due to leucopenia/neutropenia and a risk of bleeding due to thrombocytopenia (13) . This is the first report, within the scope of our literature search, which describes the very early induction of apoptosis in vivo by gefitinib treatment. While drug concentrations in the blood or pleural effusion were not examined in this study, we speculate that small molecule gefitinib might distribute to pleural effusion and reach the therapeutic concentration level, considering the rapid distribution of gefitinib with 3-7 hours of the time to maximum blood concentration (14) . The tumor of this patient responded relatively well to retreatment gefitinib despite the presence of gefitinib-resistant T790M mutation. While L858R sensitive mutation was readily detectable by PNA-LNA PCR clamp assay in this patient's pleural effusion sample, T790M was at first undeterminable. By the reexamination of the assay T790M was detected at the very lower limit of the detection level. Therefore the vast majority of mutant EGFR molecules may still have been L858R in this case and it may have taken 3 months, the time to treatment failure in this patient, for the minor clone T790M to expand and clinically acquire gefitinib resistance. From these observations we hypothesized that intensive pharmacokinetic and pharmacodynamic assessments of molecular targeting agents are feasible using serial sampling of malignant pleural fluids, on the condition that the agents have activities on these serious diseases, and have less hematologic toxicities. To test this hypothesis we have set up pharmacokinetic, pharmacodynamic and phase II studies of gefitinib and erlotinib in patients with malignant pleural effusion from non-small cell lung cancer.
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